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Review 



The clinical course of patients with chron- 
ic lymphocytic leukemia (CLL) is highly het- 
erogeneous. Gene expression analyses 
have revealed that leukemic cells with 
unmutated immunoglobulin heavy chain 
genes (lgV H ) differ from CLL cells with 
mutated lgV H in the expression level of 
some genes, i.e. encoding kinase ZAP-70 
and antigen CD38. Recently, additional 
markers in CLL, includingthe expression 
level of apoptosis-regulating genes/pro- 
teins (Bcl-2, Mcl-1) and microRNAs, have 
been suggested. In this review, we 
attempt to provide data concerning the 
properties of lipoprotein lipase (LPL), as 
well as to present its prognostic value in 
CLL LPL mRNA expression level was able 
to predict mutational status in a high per- 
centage of CLL cases and high LPL expres- 
sion was associated with shorter treat- 
ment-free survival. Importantly, since 
LPL activity is low (or absent) in other 
blood cell types, its expression can be 
determined by PCR technique in periph- 
eral blood mononuclear cells or in lysed 
blood samples. 

Key words: chronic lymphocytic 
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Introduction 

Chronic lymphocytic leukemia (CLL) is a cancer of elderly people since the aver- 
age age of patients is over 60 years, although 10% to 15% of patients are under 
50 [1]. The neoplastic lymphocytes, mainly of lineage B, are characterized by the 
expression of at least one of the pan-B antigens (most often CD19) that is co- 
expressed with the T-cell marker CD5, the expression of CD23, weak expression 
of CD20 and CD79b, as well as hardly detectable expression levels of surface 
immunoglobulins with one of the light chains -k or A, [2, 3]. In clinical practice, 
two prognostic tools are used, based on Rai's or Binet's classifications, further 
extended by a recently suggested modified system [3]. Since the course of CLL 
is heterogeneous, these classifications are of limited use and are insufficient to 
predict the disease outcome at the early stages of the cancer. In the last years, 
some new parameters have been introduced besides the so-called standard prog- 
nostic factors such as Rai/Binet's classifications, lymphocyte doublingtime, atyp- 
ical morphology, bone marrow infiltration, increase in p2-microglobulin con- 
centration, soluble antigen CD23 (sCD23) and increased activity of thymidine kinase 
and lactic dehydrogenase [3, 4]. Among these parameters, the most important 
prognostic value is attached to the mutational status of immunoglobulin genes 
{lgV H ), the expression of tyrosine kinase ZAP-70 and antigen CD38, as well as 
cytogenetic aberrations in leukemic cells [5-9], For a few years, somatic muta- 
tions of / lgV H have been considered as a crucial factor determining the course 
of CLL and the responsiveness to therapy [5, 10]. It is widely accepted that neo- 
plastic lymphocytes pass through the germinal centers where they mutate and 
enter the blood in the state of anergy. Owing to these events, the mutated type 
of CLL (in which B lymphocytes show less than 98% similarity to the lgV H genes 
in the germ line) is characterized by a milder course, longer survival period and 
higher efficacy of therapy [11]. On the other hand, a lack of mutations in lgV H is 
related to faster progress of the disease, worse prognosis and chemoresistance 
[5, 10, 12, 13]. Nevertheless, it has been revealed that mutation of the ^1^3-21 
region does not confirm the correlation with favorable outcome and it is asso- 
ciated with an aggressive type of CLL [14]. In the assessment of CLL prognosis, 
different sensitive techniques such as polymerase chain reaction (PCR), fluorescence 
in situ hybridization (FISH) and DNA microarray are used. Genetic aberrations are 
detected in more than 80% of patients with CLL cases and these are mostly dele- 
tions of chromosomes 13 (13ql4), 11 (llq22-23), 17 (17p) and 7 (7q), as well as tri- 
somy of chromosome 12 [4, 9, 15]. Moreover, a significant prognostic value has 
been attached to the high expression of tyrosine kinase ZAP-70 (Zeta-Associat- 
ed Protein-70), a mediator of the T-cell receptor signaling pathway, and CD38 gly- 
coprotein on the leukemic lymphocyte surface [6, 7]. Up-regulated expression 
of ZAP-70 and CD38 is related to CLL cases with unmutated lgV H [4, 16]. The mul- 
ti-factorial analyses {lgV H mutational status, CD38 and ZAP-70) of more than 1,000 
patients with CLL revealed that ZAP-70 expression had the strongest prognos- 
tic value, especially for the time when the therapy should be applied [16]. 
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In the course of CLL, leukemic B-cells meet multiple inter- 
ferences in the apoptotic signal transduction. In CLL cells, the 
expression of proteins such as regulators of apoptosis, belong- 
ing mainly to the Bcl-2 family, is different from that observed 
in normal B-cells. The prognostic significance of the Bcl-2 pro- 
teins, and the polymorphisms of their genes, in CLL patients 
have been recently reviewed in Contemporary Oncology [17]. 

Moreover, the expression profiles of small, non-coding 
RNA-microRNA (miR)-can be used to distinguish between 
normal and leukemic B-cells, and in CLL prognosis, as well 
as in the evaluation of disease progression [18-20]. 
Researchers from Carlo M. Croce's laboratory [19] published 
results indicating that the expression of 13 out of 190 ana- 
lyzed miRs can be useful for differentiating aggressive 
from benign CLL Importantly, their expression is in close rela- 
tion with the mutational status of lgV H and the level of ZAP- 
70. miR-15a and miR-16-1 have been further characterized, 



and their genes are located on chromosome 13 (13ql4.3), 
which is the most often deleted (in about 68% of cases) in 
patients with CLL. It is suggested that the deletion of chro- 
mosome 13 leads to the silencing of miR-15a and miR-16-1 
expression, which causes an increase in the synthesis of anti- 
apoptotic protein Bcl-2 [20], 

The alterations in lipid metabolism are observed in a large 
number of cancers that result from e.g. their increased hydrol- 
ysis. Researchers' attention has been drawn to lipolytic 
enzymes, whose activity can be a valuable marker in CLL prog- 
nosis. Lipoprotein lipase belongs to the group of such 
enzymes [21-25]. 

Lipoprotein lipase 

Lipoprotein lipase (LPL) is an enzyme belonging to the 
hydrolase class {EC 3.1.1.34) that participates in lipid metab- 
olism [26]. The human LPL gene, which spans about 30 kbp, 



Exon 2 codes for the pro- 
tein domain wich binds to 
the lipoprotein substrate 



5'C 



I 



Exons 6 and 9 code for the sequences 
enriched in asic aminoacisds contributing 
to the anchorage of LPL in the endothelium 
by interaction with heparin sulfate 



I 




I II I 



exon: 1 



4 5 6 



-30 kbp 



EE 



3 3 



8 9 



10 



B 

catalytic center of LPL 
starting site of lipase folding 
binding site for apolipoprotein C-l 



< 




binding site for LRP 

region with high affunity 

for heparan sulfate 

binding site for apolipoprotein C- 

lipid binding 




Fig. 1. A) Structure of the LPL gene. Untranslated regions are highlighted in red (based on [27]). B) Three-dimensional structure of the 
lipoprotein lipase monomer. The amino-terminal domain (amino acids from 1 to 310), the carboxy-terminal domain (amino acids from 
311 to 448), as well as the most significant functions of depicted fragments are shown in the picture (based on [28, 30, 32]). 
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was identified on chromosome 8 (8p22) and contains 10 
exons (Fig. 1A) It has an intron : exon ratio ~9, characteris- 
tic for a mammalian gene [27]. This enzyme hydrolyzes triglyc- 
erides (TGs) present in circulating lipoproteins, such as chy- 
lomicrons, very low density and intermediate density 
lipoproteins (VLDL and IDL, respectively) into free fatty acids 
(FFA). Their release supplies the cells with important ener- 
getic substrates [29, 30]. To some extent, the aforementioned 
lipase functions also as phospholipase A 1 [31]. A low mole- 
cular weight apolipoprotein C-ll (apo C-ll) is a main activa- 
tor of lipoprotein lipase [31], whereas its activity is inhibit- 
ed by apolipoprotein C-lll (apo C-lll) [28]. 

Lipoprotein lipase is synthesized mainly in the adipocytes 
and myocytes (including cardiomyocytes), but its relatively high 
expression is also detected in macrophages, lactating mam- 
mary glands, pancreatic islets, several areas of the nervous 
system, spleen, testicles, ovaries, kidneys, lungs, liver and adren- 
al glands [28, 29, 32-35]. After biosynthesis, the enzyme is 
secreted into the blood vessels where it anchors by binding 
to heparan sulfate residues, a component of the endothelial 
proteoglycans. In the presence of heparin, LPLcan be released 
to the blood, where it exists mainly as inactive monomers 
metabolized by the liver [26, 29]. The N-glycosylated homod- 
imer is an active form of enzyme in which the subunits (55 kDa 
each) interact non-covalently. Dimerization takes place in the 
endoplasmic reticulum (ER). Also the glycosylation of 
asparagine residues, Asn 43 and Asn 359 , takes place in the ER, 
and the modification of Asn 43 is both necessary and sufficient 
for the activation and release of LPL from this cellular com- 
partment. The process of folding an appropriate LPL confor- 
mation requires the participation of chaperone proteins (cal- 
nexin and calreticulin), as well as Ca 2+ ions, and begins from 
its W-terminal domain [32, 33]. Apart from the catalytic activ- 
ity, the described enzyme contributes to lipoprotein uptake by 
the cell that is possible thanks to its participation in the inter- 
action with the LDL receptor-like protein (LRP) or the proteo- 
glycans of target cells. LDL receptor-like protein molecules can 
bind to either the active or inactive form of lipoprotein 
lipase. The binding site of LRP is situated in the C-terminal region 
of the LPL molecule (Fig. IB) [33, 34]. In this domain, there is 
a fragment of 24 amino acids (from 415 to 438) that inter- 
mediates the binding between LPL and a lipid substrate, and 
is responsible for stabilization of the active homodimer [35]. 

Expression of lipoprotein lipase in CLL cells 

The analyses of gene expression in leukemic cells have 
revealed that many genes are expressed differentially when 
compared with the normal ones [18, 21, 22, 36-38]. In the 
described cases, these changes are in close relationship with 
the presence or lack of mutations in the lgV H genes. In the 
so-called unmutated type of CLL, the overexpression of at 
least several dozen genes that make leukemic cells similar 
to myocytes or adipocytes is claimed. Some genes encode 
proteins involved in lipid metabolism. In this group, LPL encod- 
ing lipoprotein lipase plays a pivotal role [21, 36, 37]. 

Since 2005, numerous studies on the expression of lipopro- 
tein lipase in leukemic cells and the evaluation of this para- 



meter as an independent prognostic marker in CLL have been 
conducted. The patients who underwent the assessments 
formed a heterogeneous group with respect to the stage of 
the disease, age, gender, the presence of genetic aberrations 
and applied therapies. Simultaneously, the correlation 
between the level of LPL and other prognostic factors (e.g. 
ZAP-70, CD38), including mutations of lgV H genes, was eval- 
uated [22-25, 38-45]. The most important results of the pub- 
lished studies are summarized in Table 1. 

With few exceptions, patients with unmutated type of 
CLL are characterized by significantly higher expression of 
the LPL gene measured at the mRNA level that correlates with 
more complex course of the disease and worse prognosis. 
On the other hand, the expression of LPL at a lower level in 
patients with mutations in lgV H genes is associated with favor- 
able patient outcome [22-25, 38-40, 42-45]. This correlation 
was also confirmed at the level of intracellular protein, 
although this assay had a less significant differentiating val- 
ue. The complex mechanisms of regulation of LPL gene 
expression and protein stability may underlie these obser- 
vations. For that reason, estimation of mRNA level seems to 
be a more informative analysis [22, 44]. Moreover, LPL expres- 
sion on the cell surface does not correlate with its mRNA lev- 
el inside the cell [22]. 

Lipoprotein lipase can be not only an independent fac- 
tor mirroringthe stage of the disease, but also a valuable prog- 
nostic marker correlating with treatment-free survival (TFS) 
and overall survival (OS). A considerable number of published 
results indicate that high LPL expression is related to short- 
er TFS and OS [22, 24, 25, 38-40, 42, 44, 45], So far, the appli- 
cation of a specific chemotherapy option has not caused an 
increase in OS so the results obtained in the experiments 
with treated patients probably did not influence the asso- 
ciation between LPL expression and OS [40]. Furthermore, 
the expression of LPL mRNA does not change significantly 
during the course of the disease so that the level of LPL relates 
both to possible cancer progression in low-risk patients and 
the patients with more advanced disease (stage B and C 
according to the Binet classification) [23, 38]. Moreover, the 
high expression of LPL in patients with Binet's stage A sug- 
gests the need for applying treatment and predicts a poor 
prognosis even in the case of presence of favorable prognostic 
parameters [24, 25]. Recently published results have also sup- 
ported the pivotal role for LPL as a prognostic factor in patients 
with cancer remission, after application of therapy [42]. 

It should be emphasized that LPL expression is not a dif- 
ferentiating parameter between patients with mutated type 
of CLL (with favorable prognosis) and those who have 
mutated V H 3-21 segments (with poor prognosis). In both cas- 
es, the LPL level was similar [44, 45]. For that reason, the assess- 
ment of ZAP-70 expression seems to be a better marker. 

More attention should be paid to the co-analyses of 
lipoprotein lipase expression and the product of ADAM29 (dis- 
integrin and metalloproteinase domain 29-containing pro- 
tein) gene expression. This gene is localized on chromosome 
4 and codes the described enzyme that participates in the 
cell-cell interactions and between a cell and the extracellu- 
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Table 1. Lipoprotein lipase as a new prognostic factor in chronic lymphocytic leukemia 



References 


Number 
of patients 


Correlation with 
mutations in lgV H 


Statistically insignificant 
correlation 




Statistically significant 
correlation 4 


Oppezzo etal. 1 [23] 


127 


76% 




EFS 


ZAP-70 


Heintelef al. 2 [22] 


104 


84% 


Rai and Binet's stage 


TFS 
OS 


delllq, de!17p 


Nuckel et al. 1 [38] 


133 


not determined 




TFS 


ZAP-70, 
CD38 


Van't Veeref al. [39] 


130 


84% 


gender, age, delllq 


OS 


ZAP-70 


Van Bockstaele etal? [24] 


50 


80% 




TFS 
OS 


ZAP-70, karyotype 
abnormalities 


Nikitiner al. [40] 


134 


88% 


karyotype abnormalities 


OS 


LDT, 
Rai's or Binet's 
classifications 


Saad etal. [41] 


25 


not subjected to verification 


ZAP-70 


LDH, karyotype abnormalities, 
poor response to therapy 


Maloum et al. 1 [42] 


119 


76% 




EFS 
OS 




Xu et al. [43] 


58 


not determined 


gender, age 


ZAP-70, CD38, Binet's stage, 
karyotype abnormalities 


Mansouri et al. 1 [44] 


148 


not determined 


age, Rai's stage 


TFS 
OS 




Kienle et al. [45] 


222 


76% 




OS 




Kaderi etal. [25] 


252 


not determined 




OS 


CD38, karyotype 
abnormalities 



EFS - event-free survival, TFS - treatment-free survival, OS - overall survival, LDT - lymphocyte doubling time, LDH - lactic dehydrogenase 
'Additionally, the index LPL/ADAM29 (L/A index) was determined. 

2 The LPL expression was evaluated at the mRNA and protein levels (in other studies LPL expression was measured only at the level ofmRNA). 
3 The whole blood lysate was used. 

4 Apart from mutations in lgV H ,for which a statistically significant correlation was found in each study (except for [41]). 



lar matrix [46]. It should be noted that ADAM29 is expressed 
in CLL cells at different levels, with respect to mutational sta- 
tus of lgV H , but it is not expressed in normal B lymphocytes. 
In patients with unmutated CLL type, a lower level of 
ADAM29 expression is observed - reversely than for LPL It 
seems that the LPL/ADAM29 (L/A) ratio is a more sensitive 
parameter that highly correlates with the mutations of lgV H 
compared with the estimation of these factors separately. 
It was determined that, in comparison with ZAP-70 expres- 
sion, the L/A ratio was the only one that positively correlated 
with event-free survival. Nevertheless, according to Nuckel 
et al. [38], the evaluation of each of these enzymes can be 
an independent prognostic factor in the course of CLL 

Recently published results have provided, apart from the 
usefulness ensured by the analysis of LPL expression, 
some practical advantages. Firstly, the analysis can be per- 
formed using a quite easy and widely accessible technique, 
quantitative real-time polymerase chain reaction (qRT-PCR) 
[22-25, 38-45]. Secondly, the comparison of LPL expression 
in CLL cells with its level in the peripheral blood mononuclear 
cells from healthy donors provided the information that LPL 
expression is highly specific for leukemic cells. In normal blood 
cells, LPL mRNA was absent or very low, and the presence 
of monocytes that express LPL did not significantly influence 



the final results. For that reason, the lymphocyte isolation 
procedure can be omitted without affecting the reliability of 
the results. This method can be much more simplified because 
the whole blood lysates can be successfully used to main- 
tain comparative results [24]. Taken together, the method- 
ology of LPL identification predominates over the analysis 
of mutations in the lgV H genes or ZAP-70 expression 
because the presence of other cells (T lymphocytes, natur- 
al killers) interferes significantly with the results among oth- 
ers due to high expression of kinase ZAP-70 in these cells 
[22-25, 38-45]. 

The role of LPL in CLL cells remains elusive, includingthe 
factthat normal B lymphocytes do not possess this enzyme. 
It seems pivotal to determine whether the expression of this 
lipolytic enzyme is the effect of the alterations in neoplas- 
tic cells or whether it is connected with CLL pathogenesis 
[40]. The results reported by Pallasch et al. [37] seem to sup- 
port the second hypothesis. These researchers suggest that 
LPL expression in CLL cells is a result of BCR (B-cell receptor) 
activation. The stimulation of CLL cells in vitro, both with 
somatic mutations in the lgV H genes and without them, result- 
ed in lipoprotein lipase expression. Taking into consideration 
the genesis of both cell types in two CLL types, this mech- 
anism could clarify the high LPL expression in the unmutated 
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type of this leukemia. CLL lymphocytes are more sensitive 
to BCR stimulation. Treatment with a lipase inhibitor, orlis- 
tat (tetrahydrolipstatin), resulted in the apoptotic death of 
leukemic cells, suggestingthat changes in expression of lipas- 
es (including lipoprotein lipase) underlay this cancer devel- 
opment. Interestingly, the cytotoxic effects of orlistat on pri- 
mary CLL cells was enhanced by their simultaneous exposure 
to fludarabine, a purine analog commonly used in CLL treat- 
ment. It seems that both drugs used together acted syner- 
gistically in apoptosis induction in leukemic cells [37]. 
Accepting this point of view, LPL can be not only an impor- 
tant prognostic marker, but also a therapeutic target. The 
involvement of LPL in lipid metabolism suggests its role in 
supplying the neoplastic lymphocytes with high-energy 
substrates. In this context, it could be decisive for the 'well- 
being' of leukemic cells, influencing their survival and pro- 
liferation [25]. This is supported by studies that confirmed 
high activity of the fatty acid degradation pathway in CLL cells 
[39]. However, including the significant differences between 
LPL expression with respect to the mutated or unmutated 
type of CLL, it can be presumed that the nature of these cells 
should be highly perceived. CLL cells without mutations in 
the lgV H genes are characterized by higher sensitivity to acti- 
vation through surface receptors. For that reason, it is sug- 
gested that LPL can contribute to the creation of lipid rafts 
that participate in B lymphocyte activation [26]. On the oth- 
er hand, in the CLL cells heparin sulfate is synthesized and 
contributes to stabilization of the described enzyme on the 
cell surface, and it may be involved in tumor cell migration 
[24]. The role of the microenvironment of the lymphocytes 
in chronic lymphocytic leukemia development and progression 
is undeniable [47]. Interactions with appropriate factors and 
cells are indispensable in evasion of apoptosis by neoplas- 
tic B lymphocytes [12]. The surface expression of LPL asso- 
ciated with its ability to create a 'bridge' between other mol- 
ecules supports its participation in the interaction with 
dendritic and stromal cells. Supportingthis, it was noted that 
surface LPL molecules in patients with unmutated type of 
CLL had lower lipolytic activity although its expression lev- 
el was higher. It provides a rationale that this enzymatic pro- 
tein is involved in a process other than lipid metabolism [44]. 

Summary 

Lipoprotein lipase is a promising candidate to be an impor- 
tant prognostic factor in chronic lymphocytic leukemia. Owing 
to the feasibility of its detection, in the near future LPL is 
expected to become a substitute for DNA sequencing in order 
to evaluate the presence or lack of mutations in the lgV H 
genes, simultaneously providing the equivalent information. 
For the time being, LPL seems to be as good a prognostic 
marker as kinase ZAP-70, or, according to some researchers, 
even better [24, 39]. An open issue is to define the cut-off 
value and the standardization of the method used for the 
detection of LPL expression. The changes in the expression 
of genes involved in lipid metabolism are probably related 
to their participation in the development of chronic lym- 
phocytic leukemia, and undoubtedly contribute to CLL cell 



survival. Uncovering the reason for LPL expression in 
leukemic lymphocytes, whilst LPL is absent in normal cells, 
would make this knowledge applicable for the new thera- 
peutic options. The novel findings with the lipase inhibitor 
orlistat [37] provide the rationale for this approach and allow 
one to speculate that drugs targeting lipid metabolism might 
be new compounds for the therapy of this leukemia. 



The authors declare no conflict of interest. 



References 

1. Foon KA. Chronic lymphoid leukaemias: recent advances in biolo- 
gy and therapy. Stem Cells 1995; 13: 1-21. 

2. RobakT. Czynniki prognostyczne w przewlekfej biafaczce limfaty- 
cznej. Acta Haematol Pol 2003; 34: 395-405. 

3. Hallek M, Cheson BD, Catovsky D, et al. Guidelines for the diagnosis 
and treatment of chronic lymphocytic leukemia: a report from the 
International Workshop on Chronic Lymphocytic Leukemia updat- 
ing the National Cancer Institute-Working Group 1996. Blood 
2008; 111: 5446-56. 

4. Montillo M, Hamblin T, Hallek M, Montserrat E, Morra E. Chronic lym- 
phocytic leukemia: novel prognostic factors and their relevance for 
risk-adapted therapeutic strategies. Haematologica 2005; 90: 
391-9. 

5. Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. Unmu- 
tated Ig V(H) genes are associated with a more aggressive form of 
chronic lymphocytic leukemia. Blood 1999; 94: 1848-54. 

6. Damle RN, WasilT, Fais F, et al. IgVgene mutation status and CD38 
expression as novel prognostic indicators in chronic lymphocytic 
leukemia. Blood 1999; 94: 1840-7. 

7. Crespo M, Bosch F, Villamor N, et al. ZAP-70 expression as a sur- 
rogate for immunoglobulin-variable region mutations in chronic lym- 
phocytic leukemia. N Engl J Med 2003; 348: 1764-75. 

8. Bullrich F, Croce C. Molecular biology of chronic lymphocytic 
leukemia. In: Chronic lymphocytic leukemias. Cheson B (ed.). 
Marcel Dekker, Inc., New York 2001; 9-32. 

9. Dohner H, Stilgenbauer S, Benner A, et al. Genomic aberrations and 
survival in chronic lymphocytic leukemia. N Engl J Med 2000; 343: 
1910-6. 

10. Ghia P, Ferreri AM, Caligaris-Cappio F Chronic lymphocytic leukemia. 
Crit Rev Oncol Hematol 2007; 64: 234-46. 

11. Oppezzo P, Dighiero G. What do somatic hypermutation teach us 
about chronic lymphocytic leukemia pathogenesis. CurrTop Micro- 
biol Immunol 2005; 294: 71-89. 

12. Herishanu Y, Polliack A. Chronic lymphocytic leukemia: a review of 
some new aspects of the biology, factors influencing prognosis and 
therapeutic options. Transfus Apher Sci 2005; 32: 85-97. 

13. Mauerer K, Zahrieh D, Gorgun G, et al. Immunoglobulin gene segment 
usage, location and immunogenicity in mutated and unmutated chron- 
ic lymphocytic leukaemia. Br J Haematol 2005; 129: 499-510. 

14. Tobin G, Thunberg U, Johnson A, et al. Somatically mutated lgVH3- 
21 genes characterize a new subset of chronic lymphocytic 
leukemia. Blood 2002; 99: 2262-4. 

15. Pekarsky Y, Zanesi N, Croce CM. Molecular basis of CLL Semin Can- 
cer Biol 2010; 20: 370-6. 

16. Rassenti LZ, Jain S, Keating MJ, et al. Relative value of ZAP-70, CD38 
and immunoglobulin mutation status in predicting aggressive dis- 
ease in chronic lymphocytic leukemia. Blood 2008; 112: 1923-30. 

17. Joks M, Lewandowski K. Prognostyczne znaczenie polimorfizmow 
genow biafek rodziny Bcl-2 u chorych na przewlekt^ biataczk^ lim- 
focytowa. Wspolczesna Onkol 2008; 12: 162-7. 

18. Calin GA, Liu CG, Sevignani C, et al. MicroRNA profiling reveals dis- 
tinct signatures in B cell chronic lymphocytic leukemias. Proc Natl 
Acad Sci U S A 2004; 101: 11755-60. 

19. Calin GA, Ferracin M, Cimmino A, et al. A microRNA signature asso- 
ciated with prognosis and progression in chronic lymphocytic 
leukemia. N Engl J Med 2005; 353: 1793-801. 



Lipoprotein lipase: a new prognostic factor in chronic lymphocytic leukemia 



479 



20. Cimmino A, Calin GA, Fabbri M, et al miR-15 and miR-16 induce apop- 
tosis by targeting BCL2. Proc Natl Acad Sci U S A 2005; 102: 13944-9. 

21. Vasconcelos Y, De Vos J, Vallat L, et al. Gene expression profiling of 
chronic lymphocytic leukemia can discriminate cases with stable 
disease and mutated Ig genes from those with progressive disease 
and unmutated Ig genes. Leukemia 2005; 19: 2002-5. 

22. Heintel D, Kienle D, Shehata M, et al. High expression of lipopro- 
tein lipase in poor risk B-cell chronic lymphocytic leukemia. 
Leukemia 2005; 19: 1216-23. 

23. Oppezzo P, Vasconcelos Y, Settegrana C, et al. The LPL/ADAM29 
expression ratio is a novel prognosis indicator in chronic lympho- 
cytic leukemia. Blood 2005; 106: 650-7. 

24. Van Bockstaele F, Pede V Janssens A, Callewaert F, Offner F, Ver- 
hasselt B, Philippe J. Lipoprotein lipase mRNA expression in whole 
blood is a prognostic marker in B cell chronic lymphocytic leukemia. 
Clin Chem 2007; 53: 204-12. 

25. Kaderi MA, Kanduri M, Buhl AM, et al. LPL is the strongest prognostic 
factor in a comparative analysis of RNA-based markers in early chron- 
ic lymphocytic leukemia. Haematologica 2011; 96: 1153-60. 

26. OlivecronaT, Hultin M, Bergo M, Olivecrona G. Lipoprotein lipase: 
regulation and role in lipoprotein metabolism. Proc Nutr Soc 1997; 
56: 723-9. 

27. Deeb SS, Peng RL Structure of the human lipoprotein lipase gene. 
Biochemistry 1989; 28: 4131-5. 

28. Merkel M, Eckel RH, Goldberg IJ. Lipoprotein lipase: genetics, lipid 
uptake, and regulation. J Lipid Res 2002; 43: 1997-2006. 

29. Neuger L, Vilaro S, Lopez-lglesias C, Gupta J, Olivecrona T, Olive- 
crona G. Effects of heparin on the uptake of lipoprotein lipase in rat 
liver. BMC Physiol 2004; 4: 13. 

30. Bijvoet SM, Wiebusch H, Ma Y, et al. Compound heterozygosity for 
a known and a novel defect in the lipoprotein lipase gene (Asp250- 
>Asn; Ser251->Cys) resulting in lipoprotein lipase (LPL) deficiency. 
Neth J Med 1996; 49: 189-95. 

31. van Tilbeurgh H, Roussel A, LalouelJM, Cambillau C. Lipoprotein lipase. 
Molecular model based on the pancreatic lipase X-ray structure: con- 
sequences for heparin binding and catalysis. J Biol Chem 1994; 269: 
4626-33. 

32. Zhang L, Lookene A, Wu G, Olivecrona G. Calcium triggers folding 
of lipoprotein lipase into active dimers. J Biol Chem 2005; 280: 
42580-91. 

33. Zhang L, Wu G, Tate CG, Lookene A, Olivecrona G. Calreticulin pro- 
motes folding/dimerization of human lipoprotein lipase expressed 
in insect cells (Sf21). J Biol Chem 2003; 278: 29344-51. 

34. Beisiegel U, Heeren J. Lipoprotein lipase (EC 3.1.1.34) targeting of 
lipoproteins to receptors. Proc Nutr Soc 1997; 56: 731-7. 

35. Keiper T, Schneider JG, Dugi KA. Novel site in lipoprotein lipase 
(LPL415-438) essential for substrate interaction and dimer stabil- 
ity. J Lipid Res 2001; 42: 1180-6. 

36. Bilban M, Heintel D, Scharl T, et al. Deregulated expression of fat 
and muscle genes in B-cell chronic lymphocytic leukemia with high 
lipoprotein lipase expression. Leukemia 2006; 20: 1080-8. 

37. Pallasch CP, Schwamb J, Konigs S, et al. Targeting lipid metabolism 
by the lipoprotein inhibitor orlistat results in apoptosis of B-cell chron- 
ic lymphocytic leukemia cells. Leukemia 2008; 22: 585-92. 

38. Nuckel H, Huttmann A, Klein-Hitpass L, Schroers R, Fuhrer A, Sell- 
mann L, DQhrsen U, DurigJ. Lipoprotein lipase expression is a nov- 
el prognostic factor in B-cell chronic lymphocytic leukemia. Leuk Lym- 
phoma 2006; 47: 1053-61. 

39. van't Veer MB, Brooijmans AM, LangerakAW, Verhaaf B, Goudswaard 
CS, Graveland WJ, van Lorn K, Valk PJ. The predictive value of lipopro- 
tein lipase for survival in chronic lymphocytic leukemia. Haema- 
tologica 2006; 91: 56-63. 

40. Nikitin EA, Malakho SG, Biderman BV, et al. Expression level of lipopro- 
tein lipase and dystrophin genes predict survival in B-cell chronic 
lymphocytic leukemia. Leuk Lymphoma 2007; 48: 912-22. 

41. Saad AA, El-Shennawy D, El-Hagracy RS, Hamed Al, El-Feky MA, Ismail 
MA. Prognostic value of lipoprotein lipase expression among 
Egyptian B-chronic lymphocytic leukemia patients. J Egypt Natl Cane 
Inst 2008; 20:323-9. 

42. Maloum K, Settegrana C, Chapiro E, et al. IGHV mutational status 
and LPL/ADAM29 gene expression as clinical outcome predictors 



in CLL patients in remission followingtreatment with oral fludarabine 
plus cyclophosphamide. Ann Hematol 2009; 88: 1215-21. 

43. Xu W, Li JY, Shen OD, Wu YJ, Yu H, Fan L Expression level of lipopro- 
tein lipase in Chinese patients with chronic lymphocytic leukemia 
and its correlation with other prognostic factors. Int J Lab Hema- 
tol 2009; 31:552-9. 

44. Mansouri M, Sevov M, Fahlgren E, et al. Lipoprotein lipase is dif- 
ferentially expressed in prognostic subsets of chronic lymphocyt- 
ic leukemia but displays invariably low catalytical activity. Leuk Res 
2010; 34: 301-6. 

45. Kienle D, Benner A, Laufle C, et al. Gene expression factors as pre- 
dictors of genetic risk and survival in chronic lymphocytic leukemia. 
Haematologica 2010; 95: 102-9. 

46. Xu R, Cai J, Xu T, Zhou W, Ying B, Deng K, Zhao S, Li C. Molecular 
cloning and mapping of a novel ADAM gene (ADAM29) to human 
chromosome 4. Genomics 1999; 62: 537-9. 

47. Caligaris-Cappio F. Role of the microenvironment in chronic lym- 
phocytic leukemia. Br J Haematol 2003; 123: 380-8. 



Address for correspondence 

prof, dr hab. n. med. Zofia M. Kilianska 

Zaktad Biochemii Medycznej 
Uniwersytet todzki 
ul. Pomorska 141/143 
90-236 todz 

e-mail: zkilian@biol.uni.lodz.pl 

Submitted: 21.06.2011 
Accepted: 25.01.2012 



